Background. We investigated whether adding community scheduled malaria screening and treatment (CSST) with artemether-lumefantrine by community health workers (CHWs) to standard intermittent preventive treatment in pregnancy with sulfadoxine-pyrimethamine (IPTp-SP) would improve maternal and infant health.
Malaria causes significant adverse pregnancy outcomes, such as maternal anemia, preterm delivery, low birth weight [1] , and even maternal and infant death [2, 3] . The World Health Organization (WHO) recommends several interventions to control malaria during pregnancy, namely effective case management, long-lasting insecticidal nets, and intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp-SP) from the second trimester onward [4] .
The protective efficacy of IPTp-SP against malaria infection depends on the number of IPTp-SP doses administered, which in turn depends on antenatal clinic (ANC) attendance. In many sub-Saharan African countries, both ANC and IPTp-SP coverage remains low [5, 6] . In addition, sulfadoxine-pyrimethamine (SP) resistance is increasing and may have an impact on current IPTp-SP policy [7] . In West Africa, where SP resistance is low [8] , an alternative strategy of intermittent screening and treatment in pregnancy (ISTp) was noninferior to IPTp-SP in preventing low birth weight, anemia, and placental malaria. In southeast Africa, it was associated with a higher malaria risk, possibly because of the low sensitivity of currently available rapid diagnostic tests (RDTs) in detecting low-density infections [9, 10] . WHO does not recommend ISTp alone. However, there is the need to both improve ANC coverage and protect pregnant women against malaria between ANC visits. ISTp at the village level could be beneficial if given in addition to IPTp-SP at ANC. Community health workers (CHWs) have been trained in many sub-Saharan African countries to perform community case management of malaria, and could be trained to encourage pregnant women to attend the ANC and to systematically screen and treat them between ANC visits [11] .
A cluster-randomized controlled trial was designed to establish whether adding community scheduled malaria screening and treatment (CSST) by CHWs to standard IPTp-SP would further reduce placental malaria compared to IPTp-SP alone [12] .
METHODS

Study Sites and Participants
A description of the study methods has been published elsewhere [12] . The study was implemented in 3 West African countries: Burkina Faso (Nanoro health district), The Gambia (Upper River region), and Benin (Glo-Djigbe, Zinvie, and Ze districts). In Burkina Faso and The Gambia, malaria is highly seasonal (July-December), whereas in Benin it is perennial with peaks during the rainy seasons (April-July and OctoberNovember). In all villages, community consent was obtained after sensitization meetings. All resident pregnant women were invited to participate after individual signed informed consent.
Randomization and Blinding
Thirty villages (clusters) (village population: 1000-2000) with CHWs in each country were randomly selected from all eligible clusters. Distance from the center of each village to the nearest health facility was calculated and used to group the clusters into 3 distance categories. Randomization was performed using computer-based randomization (Stata software, StataCorp, College Station, Texas) and was stratified by the 3 distance categories.
Procedures
At the Antenatal Clinic
Recruitment was done at first ANC ( Figure 1 ). All women had a physical examination, a blood slide, and a blood sample on filter paper. Information on health and socioeconomic factors was also collected. Pregnant women in the second or third trimester were given their first IPTp-SP and their second dose booked in. A health assessment was carried out at each ANC visit. Suspected malaria cases had an RDT (SD Bioline; specificity 99.5%) and women testing positive were treated with artemether-lumefantrine (AL).
Community Health Worker Home Visits in the Intervention Arm
CHWs in the intervention arm were trained in malaria case management and malaria in pregnancy, including the benefit of early ANC attendance and IPTp-SP. CHWs were asked to continuously identify all pregnant women and encourage them to attend the ANC as early as possible. Thereafter, at monthly intervals up to the last week of gestation, CHWs performed an RDT at home visits and collected a blood slide, regardless of malaria symptoms. They gave AL to all positive women. Severely ill women were referred to the health center for further care. The CHWs in the control villages did not take part in any of the study training.
At Time of Delivery for All Communities
A blood sample for hemoglobin measurement and on slide and filter paper for later parasitological diagnosis was collected just before delivery, and a placenta biopsy was collected at delivery. Current health status and birth outcomes were collected. All newborns were physically examined and weighed on digital scales immediately after delivery. Gestational age was estimated using the Ballard score [13] .
Laboratory Methods
Giemsa-stained thick blood films were read by 2 experienced microscopists, with discrepancies resolved by a third one [12] . Maternal hemoglobin was measured using Hb301 Hemocue (Radiometer Group, Sweden). Blood spots on filter paper were analyzed by Plasmodium falciparum diagnostic polymerase chain reaction (PCR) [14, 15] .
Details of biopsy methods can be found elsewhere [12] . Placental biopsy slides were read by trained microscopists and Figure 1 . Schedule of events, updated from the Trial protocol paper [12] . Abbreviations: ANC, antenatal clinic; IPTp, intermittent preventive treatment in pregnancy.
classified as infected (acute: parasites and malaria pigment absent; chronic: parasites and malaria pigment; or past: only malaria pigment) or not infected (no parasites or pigment) [16] .
Outcomes
The primary outcome was placental malaria (any category). However, in Benin, rumors on placental biopsies had a negative impact on recruitment and, after discussions with the data and safety monitoring board (DSMB) and the local ethics committee, it was decided to collect only peripheral blood. Secondary endpoints were maternal anemia (hemoglobin <11 g/dL) at delivery, maternal P. falciparum peripheral infection at delivery (PCR) and during pregnancy (microscopy), low birth weight (<2500 g), IPTp-SP coverage, the number of ANC visits, and the number of IPTp-SP doses. Serious adverse events (SAEs) were defined as any untoward medical occurrence that resulted in death, hospitalization, persistent or significant disability/ incapacity, or congenital anomaly/birth defect or that was life-threatening. All SAEs were reported to the DSMB.
Statistical Analysis
It was assumed that the intervention would decrease placental malaria from 15% to 10.5%, with a coefficient of variation of 0.15. Within each country, 15 clusters, each with 60 pregnant women per arm, would be able to detect a significant difference with 80% power and at the 5% significance level. Thus, 90 clusters with a total of 5400 women were required. All data were double entered using OpenClinica databases.
The primary endpoint (prevalence of placental malaria) was examined with logistic regression. Random effects for trial cluster were used to account for intracluster correlation. An analysis of the primary endpoint adjusted for season, gravidity, and number of SP and AL doses was carried out. All other binary endpoints were examined with random effects logistic regression. Count data were analyzed with mixed effects Poisson regression and continuous data were analyzed with mixed effects linear regression.
Ethical Approval
The study was done in accordance with the principles set forth in In each country, baseline characteristics between intervention and control groups were similar. Use of insecticide-treated bed nets was >70%, and malaria prevalence was 5.3% in The Gambia (101/1888), 27 Table 1 ). The number of pregnant women diagnosed with a malaria infection was significantly higher in the intervention arm than in the control arm (P < .01 for all study sites). A high proportion of infected women received AL, with no difference between study arms in Burkina Faso and The Gambia. In Benin, the proportion of treated women was higher in the intervention arm 
The Effect of the Intervention on Placenta Malaria
Data from placental biopsies were available for 88% (3171/3585) of deliveries in Burkina Faso and The Gambia. There was no difference between intervention and control arms in terms of placenta malaria or for different categories of infection (Table 3) , and this did not change after adjusting for season of birth, parity, and number of IPTp-SP administered (adjusted OR [aOR], 1.06 [95% CI, .78-1.44]; P = .72) ( Table 4) . Similar results were observed at country level (Supplementary Tables 2 and 3 ).
The Effect of the Intervention on Other Secondary Outcomes at Delivery
There was no difference between arms in peripheral maternal infection (OR, 0.97 [95% CI, .78-1.21]; P = .7), even after adjusting for several factors (aOR, 0.92 [95% CI, .74-1.15]; P = .4) ( Table 5 ; country-specific data in Supplementary Table 3) . Anemia (OR, 1.09 [95% CI, .92-1.28]; P = .3; Table 6 and  Supplementary Table 4) , mean hemoglobin (mean difference, 0.01 [95% CI, -.29 to .31]; P = .9), low birth weight (OR, 1.06 [95% CI, .82-1.38]; P = .6; Table 7 and Supplementary Table 5) , and adverse pregnancy outcomes (Table 8 and Supplementary  Table 6 ) did not differ between study arms. Nevertheless, in Burkina Faso, the odds of miscarriage tended to be higher in the intervention arm (OR, 4.54 [95% CI, .98-21.05]; P = .054; Supplementary Table 6A) . Among these women, 3 had a malaria infection at least once during pregnancy (2 in the intervention arm and 1 in the control arm), and 2 received 1 course of AL (1 in each arm), with no drug-related serious adverse event recorded. There was no evidence that taking AL during pregnancy was associated with any adverse pregnancy outcome (at least 1 course of AL: OR, 0.82 [95% CI, .35-1.93]; P = .656).
There were 9 maternal deaths (6 in the control arm and 3 in the intervention arm) and 45 perinatal deaths that occurred at time of delivery (21 in control vs 24 in intervention arm). Causes attributed to the SAEs, including maternal and perinatal death, are reported in Supplementary Table 8 .
ANC Attendance and IPTp-SP Uptake During Pregnancy
Antenatal clinic attendance (scheduled visits) was significantly higher in the intervention arm in Burkina Faso but not in The Gambia and Benin (Table 9 and Supplementary Table 7) . However, IPTp-SP coverage (ie, mean number of doses and percentage of women who received at least 2 or 4 doses) was not significantly different between intervention and control arms.
The Effect of IPTp-SP on Pregnancy Outcomes
Increasing number of IPTp-SP doses was associated with a significantly lower risk of placenta malaria (Table 4) , mainly because of Burkina Faso where 49.2% (886/1800) of women had received ≥3 IPTp-SP doses (Supplementary Table 3A) , whereas in The Gambia this figure was only 3.7% (73/1960) (Supplementary Table 3B ). Placenta malaria occurred significantly less during the rainy than the dry season (aOR, 0.59 [95% CI, .49-.71]; P < .001), and was more frequent with increasing number of AL treatments (Table 4) .
Increasing number of IPTp-SP doses tended to decrease the risk of anemia at delivery (P = .06), whereas increasing number of AL treatments had the opposite effect (P = .02) ( Table 6 and  Supplementary Table 4) . Similarly, the risk of low birth weight decreased significantly with the increasing number of IPTp-SP doses (P < .001; Table 7 and Supplementary Table 5 ).
DISCUSSION
Adding CSST by CHWs to the standard IPTp-SP at ANC did not reduce the risk of placental malaria or peripheral malaria infection at delivery. The intervention also aimed at increasing ANC attendance, particularly in early pregnancy, and at identifying and treating infections between scheduled ANC visits. Scheduled ANC attendance did improve in Burkina Faso, suggesting that the intervention had the expected effect. During the trial, the 2013 WHO recommendations of at least 4 ANC visits and of administering IPTp-SP at each of them [17] had been implemented in Burkina Faso, with some women having as many as 6-7 scheduled ANC visits. In The Gambia and Benin, the national policy was still 2 scheduled visits; thus, we did not expect an increase in the number of ANC visits but rather an increase in coverage of 2 ANC visits. ANC attendance remained extremely low in Benin, where only slightly more than half of the women had 2 visits, and this may reflect the general poor attendance in southern Benin. In The Gambia, ANC attendance was already high, with 80% of the women attending at least 2 scheduled visits, and this may explain why the intervention did not have the expected effect. In all countries, the higher number of malaria infections diagnosed in the intervention group and the high proportion of malaria-positive women treated with AL indicate that CHWs implemented the intervention according to the instructions received. In Burkina Faso, RDT sensitivity and specificity performed by CHWs and compared to microscopy was 81.5% (95% CI, 67.9%-90.2%) and 92.1% (95% CI, 89.9%-93.9%), respectively [14] , further confirming CHWs can both correctly use RDTs and adhere to test results and treatment guidelines [18] . Previous studies have shown that CHWs are able to diagnose and treat malaria in children [19] [20] [21] [22] and are able to distribute IPTp to pregnant women [23] .
Though the intervention did not have a direct effect on the prevalence of past placenta malaria, probably because of infections before the first ANC visit, one would have expected a reduced risk of active or chronic placenta infections. This was not the case, and this may have been due to low adherence to AL treatment. However, CHWs who visited treated women 3 days after CSST, and 96% of women reported having completed the full course; in contrast, a qualitative study carried out in the same study area reported low adherence to antimalarial treatment by pregnant women despite good knowledge about malaria in pregnancy [24] .
Increasing doses of IPTp-SP significantly decreased the risk of placental malaria. This effect was mainly seen in Burkina Faso, where women received up to 6 IPTp-SP doses. In The Gambia and Benin, the large majority of women had taken only 2 IPTp-SP doses and in both countries malaria prevalence was lower than in Burkina Faso. In these 2 countries, CSST should have had some effect as the time between IPTp-SP doses was longer than in Burkina Faso, so diagnosing and treating infections during this period should have been beneficial. Malaria screening by the CHWs was done with an RDT whose detection threshold is at most 200 parasites/μL [25] . However, the large majority of infections during pregnancy are asymptomatic, with low parasite densities, often not detected by microscopy or Data are shown for any infection (acute, chronic, or past).
Abbreviations: AL, artemether-lumefantrine; CI, confidence interval; OR, odds ratio; SP, sulfadoxine-pyrimethamine. a Adjusted for all other variables in the table. Abbreviations: AL, artemether-lumefantrine; CI, confidence interval; LBW, low birth weight; OR, odds ratio; SP, sulfadoxine-pyrimethamine. RDT [26] . Therefore, measurements of the efficacy of intermittent screening and treatment may be limited by the sensitivity of current RDTs [10] . The decreased risk of low birth weight with increasing IPTp-SP doses and the borderline decrease of maternal anemia at delivery confirms the meta-analysis of 7 trials carried out in sub-Saharan Africa that reported a lower risk of low birth weight, maternal anemia, and placental malaria in women who received ≥3 IPTp-SP doses [27] . These results were used to support the WHOs' recommendation of administering
IPTp-SP at each ANC, provided the doses are at least a month apart. The current trial data support this recommendation. Pregnant women in the intervention arm had a higher risk of testing malaria positive, not because they had a higher risk of being infected, but rather because they were tested more frequently. Considering that most infections diagnosed in the intervention arm were treated with AL and that the risk of placenta; malaria increased with the number of AL treatments administered, these infections probably represented a small proportion of all infections acquired during pregnancy and it was the undiagnosed infections that had a significant effect on the occurrence of placenta malaria. Receiving multiple AL treatments is probably a marker of a higher malaria risk. There is some controversy on the importance of low-density malaria infections during pregnancy, associated with anemia, lower mean hemoglobin, low birth weight, and premature births in some studies [28] but not in others [26] . Our results indicate that such infections are important and that, until better diagnostic tests than standard RDTs become available, systematic treatment as many times as possible of all pregnant women until delivery is the best approach. A major strength of this study was the selection of countries based on their varying malaria endemicity: low (The Gambia) vs high (Burkina Faso and Benin), and with varying degrees of SP resistance (high in Benin and moderate in The Gambia and Burkina Faso), which us enables to generalize study findings to West Africa and possibly other sub-Saharan African countries. The study was powered for individual countries for the overall primary outcome; thus, we were able to at least fully investigate the effect of the intervention on placental malaria for the study sites in The Gambia and Burkina Faso. Unfortunately, this was not possible for Benin.
The significant number of adverse pregnancy outcomes in both study arms highlights the poor access to timely and adequate care for women in rural and remote areas in sub-Saharan Africa. Both maternal anemia and low birth weight (45% and 10%, respectively) were below the West African regional estimates, 56% (95% CI, 46%-62%) [29] and 14% (https://data. unicef.org/topic/nutrition/low-birthweight/). Being in a trial may have influenced women's healthcare-seeking behavior, which may explain these lower estimates. There were 45 perinatal deaths and 9 maternal deaths with no difference in mortality between the study arms. Pooling the data together gives a perinatal mortality rate of 10.77 per 1000 live births, and a maternal mortality rate of 215 per 100 000 live births. These remain high levels, but comparisons with other sources [30] [31] [32] should be interpreted with caution as they were estimated at time of delivery while the neonatal and maternal mortality usually include days 28 and 42 postpartum, respectively. It is reassuring that no adverse events were associated with AL treatment, providing further safety data for AL treatment in the second and third trimester of pregnancy.
IST has been extensively evaluated as an alternative to IPTp-SP, with mixed results [8] [9] [10] . We decided to combine these 2 interventions, with the aim of providing additional protection against malaria between ANC visits. Despite the significantly higher number of women treated for malaria in the intervention arm, none of the trial outcomes differed between study arms. Treatment with a long-acting artemisinin-based combination therapy such as dihydroartemisinin-piperaquine instead of AL would possibly have had a better outcome. Indeed, the number of AL treatments administered was strongly associated with placental malaria, peripheral infection, and anemia, indicating that treated women had a higher risk of being reinfected over a relatively short period. Such a risk could have been lowered by a treatment with a much longer posttreatment prophylactic period. That the length of the prophylaxis period is more important than treating diagnosed infections is shown by the beneficial effect of increasing IPTp-SP doses on different pregnancy outcomes, including low birth weight. This may change when more sensitive diagnostic tests become available but, for now, increasing the number of IPTp-SP doses given during pregnancy is a priority.
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